In this report, we have addressed the role of copper-zinc superoxide dismutase (SOD1) deficiency in the mediation of central nervous system autoimmunity. We demonstrate that SOD1-deficient C57Bl/6 mice develop more severe autoimmune encephalomyelitis induced with myelin oligodendrocyte glycoprotein (MOG) 35-55, compared with wild type mice. This alteration in the disease phenotype was not due to aberrant expansion of MOG-specific T cells nor their ability to produce inflammatory cytokines; rather lymphocytes generated in SOD1-deficient mice were more prone to spontaneous cell death when compared with their wild type littermate controls. The data point to a role for SOD1 in the maintenance of self-tolerance leading to the suppression of autoimmune responses.
Introduction
Reactive oxygen species (ROS) are generated by a multitude of biochemical reactions and cellular functions in all mammalian cells. ROS, or pro-oxidants, include superoxide anions (O 2 − ), hydrogen peroxide (H 2 O 2 ), nitric oxide, hydroxyl radicals and peroxynitrite (Nordberg and Arner, 2001) . In redox homeostasis, the formation of prooxidants is balanced by their consumption by anti-oxidants. ROS serve as a "double edged sword," since low amounts of ROS may act as secondary messengers to physiological processes including cell signaling (Sun et al., 2005; Valko et al., 2007) . On the contrary, enhanced production of pro-oxidants in contrast to anti-oxidants can disrupt redox homeostasis, causing "oxidative stress." The excess ROS produced can lead to damage to DNA, proteins, mitochondria and the cell membrane, eventually causing cell death (Nordberg and Arner, 2001) .
Production of ROS generally involves three different enzyme systems-nicotinamide adenine dinucleotide phosphate (NADPH) oxidases, mitochondrial enzymes and peroxisomal enzymes-and their levels are regulated by several antioxidant enzymes, such as superoxide dismutases (SODs), catalases, peroxiredoxins and glutathione peroxidases (GPx) (Nordberg and Arner, 2001) . SODs are metalcontaining enzymes that mediate dismutation of O 2 − into H 2 O 2 and molecular oxygen. In humans, the three isoforms of SODs are copperzinc SOD (SOD1), manganese SOD (SOD2) and extracellular SOD (SOD3). While SOD1 is mostly a cytosolic protein with a minor component located in the mitochondrial inter-membrane space, SOD2 is a mitochondrial protein and SOD3 is present in the extracellular space (Johnson and Giulivi, 2005) . Being a cytosolic protein, SOD1 plays a critical role in scavenging ROS. In particular, O 2 − and allelic variations in SOD1 have been implicated in disease conditions such as amyotrophic lateral sclerosis and diabetic nephropathy in type I diabetes (Kunst et al., 2000; Mohammedi et al., 2011) . Although mice deficient for SOD1 develop normally, they show degenerative changes in the cochlear ganglion and retinal nerve, as well as progressive motor axonopathy leading to muscular dystrophy as a result of excessive ROS production, and females show reproductive defects (Matzuk et al., 1998; Keithley et al., 2005; Fischer et al., 2012) . The general dogma is that increased ROS production is detrimental and causes tissue injuries. As such, oxidative stress is implicated in the pathogenesis of many inflammatory diseases, including cancer, aging, atherosclerosis, ischemia, and in neurodegenerative and autoimmune disorders such as systemic lupus erythematosus, Alzheimer's disease, multiple sclerosis (MS), diabetes and arthritis (Griffiths, 2005; Valko et al., 2007) . At a molecular level, mice deficient for nuclear factorerythroid 2-related factor 2, the transcription factor that controls the expression of anti-oxidant enzymes, develop multi-organ autoimmune
